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SUMMARY 

An investigation has been  made in the NACA Lewis  icing  research 
tunnel  to  determine  the  aerodynamic and icing  characteristics  of a 
full-scale  induction-system  air-scoop assedly incorporating a flush 
alternate  inlet. %e flush  inlet was located  immediately  downstream  of 
the  offset  ram  inlet  and  included a 1800 reversal  and a 90° elbow in .. the  ducting  between  inlet  and  carburetor top deck.  The  model also had 
a preheat-air  inlet.  The  investigation was made  over a range of mass- 
air-flow  ratios  of 0 to 0.8, angles of attack of Oo and 4O, airspeeds 
of 150 to 270 miles  per  hour, air temperatures  of Oo and 25O F, various 
liquid-water  contents, and droplet  sizes. 

The  ram  inlet  gave  good  pressure  recovery in both  clear air and 
icing  but  rapid  blockage of the  top-deck  screen  occurred  during  icing. 
The  flush  alternate  inlet  had  poor  pressure  recovery  in  both  clear  air 
and  icing.  The  greatest  decreases in the  alternate-inlet  pressure 
recovery  were  obtained  at  icing  conditions of l o w  air  temperature  and 
high  liquid-water  content. No serious  screen  icing was observed  with 
the  alternate  inlet.  Pressure and temperature  distributions on the  car- 
buretor  top  deck  were  determined  using  the  preheat-air  supply  with  the 
preheat-  and  alternate-inlet doors in various  positions. No screen 
icing  occurred  when  the  preheat-air  system was operated  in  caoibination 
with alterde-ieet air flow. 
/ 

r n O D U C T I O N  

The  problem  of  suitably  protecting a reciprocating-engine  induction 
system f r o m  icing arose in the deeign of a large t r a m p o r t  airplane. 
Throttling  and  fuel-evaporation  icing may be  satisfactorily  eliminated 
by  the  methods  outlined  in  reference 1. The  induction-system  icing 
problem  can  therefore  be  confined  to  -act  icing of the  air  scoop,  the 

may be  effectively  prevented  by  heating  the  charge-air  supply  or by 
a ducts,  the  carburetor  screen,  and  the  air-metering  parts.  Impact  icing 

. preventing  free  water  from  entering  the  induction  system. 
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Nearly  all  aircraft  induction  systems employ some  type of alter- 
nate  inlet  to  provide a sheltered- or heated-air  supply. In the  afore- 
mentioned  design  problem  the  heated  air supply, although  heating  the 
inlet  air  sufficiently  to  prevent  icing,  did  nut  provide  the  pressure 
recovery  required  for  the  critical  engine  operation  conditions. An 
alternate  inlet  based on the  principle  of  inertia  separation  and  care- 
ful aerodynamic  design  can  effectively  eliminate  impact  icing of the 
induction  system  and  at  the  same  time  preserve  the  required  ram-recovery 
performance. An example  of  such a system using an under-cowling  scoop 
is  reported  in  reference 2. Another  type of inlet  employing  the  inertia- 
separation  principle  is  the  flush or recessed-inlet... Such  inlets  have . 
been  used  to  obtain  ice-free  f'uel-cell  vents  (ref. 3 ) .  

1c 
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In the  present  design, a flush  alternate  inlet  located  immediately 
downstream  of  the  primary  offset  ram  inlet was used.  The  duct  from  the 
alternate  inlet  included a 180° reversal  and a 90° elbow  before  leading 
to  the  carburetor;  thus, a region  of  secondary-inertia  separation was 
provided  (figs. 1 and 2) . In  order  to  evaluate  the  performance of such 
an  induction  system in-icing conditions, an investigation  of a ful l -  . 
scale  model was conducted  in  the  icing  research  tunnel  at  the NACA Lewis 
laboratory.  The  objectives of the  investigation  were  to  determine  the 
icing  characteristics  of  the  system,  the  aerodynamic  performance  of  the 
alternate  inlet,  and  the  performance  of  combined  operation of the  ram-, 
alternate-,  and  preheat-air  supply  systems.  Tests  were  conducted  over 
a range  of  airspeeds from 150 to 270 miles  per  hour,  angles  of  attack 
of Oo and 4O, tunnel-air  temperatures of Oo and 2 5 O  F, and mass-air  flow 
ratios  of-0  to 0.8 on various system  configurations  for  both  clear-air 
and icing conditions. 

. 

The following symbols are  used  in  this  report: 

H total  pressure  referenced  to  test cmb.er, _in. water 

Z/L ratio  of  local  distance  to  total  distance  across  inlet or 
carburetor  top  declr  (see  fig. 4) . 

M mss air flow, lb/sec 

P static  pressure  referenced t o  test  chamber,  in.  water 

9 dynamic  pressure,  in.  water 

t air  total-  temperature, OF 
c 

9 pressure  recovery, 



NACA RM E53E07 3 

S ~ s c r i p t s :  

0 free-stream  conditions 

a  al ternate-inlet  system 

C carburetor  top deck 

P preheat 

r ram-inlet  system 

APPARRI'US AND INSTRUMENTATION 

The model used i n  the icing  tunnel  investigation  consisted of the  
offset  ram-air scoop and the  f lush  a l ternate   inlet  mounted on a full- 
scale  section of the  top of an engine nacelle. A photograph showing 
the model  mounted i n  the test section of the  icing  tunnel i s  given i n  
figure 1. The model was designed and b u i l t  by an aircraft manufacturer. 
Because of space limitations,  the  alternate-inlet  design  differed from 
tha t  recommended by  the NACA Ames laboratory  for f lush inlets, and 
excessive side wall-divergence and ramp angles resulted. A schematic 
diagram of the   tes t   se tup i s  s h m  in figure 2. Inlet air from ram, 
alternate,  and preheat inlets is  ducted to  the  carburetor top-deck  sec- 
t i on  and thence through the  tunnel   f loor   to  an  exhauster which provides 
the  required charge a i r  flow. The two air-flow-control  doors, which m e  
operated manually aGd independently, are  shown in  the  closed  position. 
The preheat door when closed  blocks  the  preheat-air  supply and allows 
fuY ram-air flow t o  the  carburetor; when fully open, it blocks off the 
ram-air flow and permits full preheat a i r   to   enter   the  carburetor .  The 
al ternate  door when closed  blocks the alternate-afr flow and permits 
e i ther  ram air or   preheat   a i r   to   enter  the carburetor. When f u l l y  open, 
the  alternate door blocks  both  the preheat and ram air ;   then,  only  a l t e r -  
nate   a i r  flows to  the  cmburetor. Both doors could be s e t  a t  in te r -  
mediate positions . 

In  this investigation,  preheat air at the  required  temgerature and 
flow r a t e  was obtained from a compressed-air  supply  and heat exchanger. 
Remvable  panels  permitted  access t o  the  alternate-duct elbow and t o  
the removable carburetor top-deck sect ion  to  permit  observation of icing. 
Details of the geometry of the al ternate- inlet   are  given in   f igure  3. 

The pressure  recovery at the carburetor  top deck was determined *om measurements of the top-deck total  pressure.  Electrically  heated 
total-pressure  tubes were instaLled a t  the  carburetor  top deck for  a l l  
t e s t s .  The ends of the tubes projected  approximately 3/4 inch  upstream 
of the  carburetor  screen. For the  clear air runs, unheated t o t a l -  
pressure  tubes were ins ta l led  between t h e   l i p  and the ramp of the alter- 
nate   inlet .  Four thermocouples were located  across  the  carburetor  top 
deck to  obtain  the  tesrperature  distribution during t e s t s  with preheat 
air. A static-pressure  tap was located i n  the  preheat-air plenum. The 
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location of the  total-pressure  tubes  and thermocoupleB is  given i n  
figure 4. A l l  air-flow measurements  were made by means of thin-plate 
or i f ices .  Thermocouples  were also used t o  measure the  preheat-air and 
exhaust-air temperatures. 

Aerodynamic Tests 
lc 
A 

The carburetor top-deck pressure  recovery was determined fo r  both 
the ram and alternate inlet6  for   c lear  air over a range of  mass-air-flow 
r a t i o s   a t  angles of attack of  Oo and 4O. Pressures a t   the   a l te rna te  
inlet were also obtained in   c lear  air x i th  varying mass flows  through 
the  alternate  inlet  for  angles of' attack of Oo and 4 O .  All these tests 
were made at  airspeeds of approximately 150, 200, and 270 miles  per  hour, 
mass-flow rates of 0 t o  3.55 pounds per second,  and a tunnel-air   total  
_temperature of 25' F. Flow studies with wool t u f t s  were made over the 
forward  nacelle  area and the  alternate-inlet  ramp. 

Icing Tests 

Both the ram- and alternate-inlet systems were tes ted   in   i c ing  con- 
dit ions t o  determine the  type of icing on the external  surfaces and the 
inner  ducting,  the  degree of blockage of the  carburetor  screen, and the 
effects  of icing on the  pressure  recovery. Tests were made at various 
conibinations of liquid-water  content  and  medlan-droplet diameter for  
airspeeds of E O  t o  180 miles per hour, tunnel-air   total  temperature 
of Oo and 250 F, angles  of attack of 00 and 4O, and mass-air-flow ra t ios  
of 0.35 t o  0.e. The combinations of liquid-water  content  and  droplet 
s ize  used in  the  investigation were chosen to  give  the maximum r a t e  of 
impingement-. %e values chosen are based upon a probability of being 
exceeded of less  than 1 i n  100 as given in   the  s ta t is t ical   analysis  of 
icing  conditions i n  reference 4. The droplet diameter hereinafter 
referred  to  is the median diameter; the size  distribution of water drop- 
le ts  in  the  icing  tunnel correspond6 to   approxhately a D distribution 
as defined i n  reference 5. 

The procedure  followed in   the   i c ing   tes t s  was as follows: After 
the system was stabil ized  at   the  desired  tunnel  airspeed and  temperature 
conditions and the desired f l o w  r a t e  through the model, an   i n i t f a l  clear- 
air reading  including  the top-deck pressures was made. The icing  cloud 
was then  turned on, a l l  pertinent data were recorded a t  various time 
intervals, and  photographs of the  ice on the inlet.s were t-aken during 
the  icing  period.  Efforts were made t o  maintain  constant mass air flow 
through the model wlthin the limit of performance  of the  exhaust  fan by 
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opening or  closing  the  control  valve  in  the  exhaust  line. A t  the end of 
each t e s t ,  photographs were taken of the   ice  on the inlets, the  inter ior  

determined from considerations of the  extent and severity of natural  
icing  conditions and the   ra te  of change of the  pressure  recovery and 
mass-flow blockage through the model. 

il ducting,  and  the  carburetor  screen. The length of each i c ing   t e s t  was 

Preheat-Air  Tests 

Three groups of tests were made u s i n g  the preheat-air supply. The 
first group of t e s t s  was made in clear air with  the  preheat door f u l l y  
open and the  a l ternate  door closed (no ram- or  a l ternate- inlet-air  flow). 
Although it was not  necessary  to  operate  the  tunnel f o r  these  tes ts ,  an 
airspeed of  200 miles  per hour  and a tunnel-air t o t a l  temperature of  

in the model. The temperatures and pressures a t  the top deck were  meas- 
ured over a range of mass a i r  flows of 0.75 t o  3.5 pounds per second a t  
preheat-inlet-air  temperatures of approximately 135O and 2100 F. 

- 25O F were used t o  sFmulate possible f low leakage  and  heat  conduction 

a 

? 

In the second  group of preheat tests, made a t  an  airspeed of 
150 miles  per hour and a tunnel-air t o t a l  temperature of 25' F, the 
effects of various door positions on the  pressure  recovery and the   a i r -  
temperature distribution were determined in   c l ea r  air. Tests were made 
a t  constant values of preheat and carburetor mass a i r  flow with both the 
al ternate  and the  preheat doors s e t  at  various  percentages of f u l l  t rave l  
to  give  mixtures of preheat-, ram-, and al ternate- inlet  air. The top- 
deck temperature  and  pressure  distributione w e r e  recorded. 

Both clear air and icing  conditions were used in   the   th i rd   se r ies  
of preheat  tests;  the  preheat door was f u l l y  open (no ram), and the 
al ternate  door was s e t  at  various  positions. The preheat-inlet mass 
air flow was held  constant, and the  alternate-inlet  mass air flow was 
increased by manipulating the al ternate  door. The t e s t s  were made at 
an  airspeed of 150 miles  per  hour, a tunnel-air   to ta l  temperature of 
2 5 O  F, an  angle of at tack of Oo, a liquid-water  content of 0.6 gram per 
cubic  meter, a droplet diameter of 10 microns,  and  an  average  preheat- 
air i n l e t  temperature of 212' F. Measurements  were msde of the tempera- 
ture and pressure  distribution  across  the  carburetor  top deck for  both 
c l ea r   a i r  and icing  conditions. 

RESULTS AND DISCUSSION 

--Inlet Tests 

s Clear air. - The &Tation of the  average top-deck pressure  recov- 
ery qav with  the  inlet  mass-air-flow r a t i o  i n   c l e a r   a i r  is presented 
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in   f igure  5(a) .  These results were obtained a t  an  airspeed of approxi- 
mately 200 m i l e s  per hour, a tunnel-air   total  temperature  of 25O F, and 
angles o f a t t a c k  of Oo and 4O. Excellent ram recovery was obtained  over 
the  ent i re  range of mass-air-flow ratios  tested,   the performance a t  an 
angle of a t tack of 4O being  slightly  better  than a t  Oo. 

Icing. - The performance of the ram-inlet system in  icing  conditions 
is shown by the  results of figures 5(b) and 5(c) .  Although o n l y  limited 
data were obtained,  the  effect of icing on the top-deck average  pres- 
sure recovery  (fig. 5(b)) was almost negligible,  being  approximately the s 
same fo r  a three-fold  increase  in  liquid-water  content. The pressure 
distribution  across the top.deck remained essentially uniform  and the 
pressure-recovery measurements indicate  the  effect of i n l e t  and  duct- 
wall icing  rather  than  screen  icing  because  the  pressure  tubes extended 
above the top-deck screen. The  much greater  effect of the m a ~ s  flow is 
shown in  f igure  5(c) .  The carburetor  screen was a-st completely 
blocked by ice,  which caused  reductions in   the  mass flow  of  approxi- 
mately 60 t o  90 percent. V e r y  poor pressure  recovery would, of course, 
be obtained downstream of the blocked  screen. The immediate decrease 
i n  the mass flow shown i n  figure 5(c)  resulted f'rom the limited  capacity 
of the exhaust blower which did not  allow a constant  flow r-ate t o  be 
maintained. 

rs 
CD 
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Photographs of ice  on the ram in le t  and the caTburetor screen a t  
the end of the  icing  periods are shown in   f igure  6 .  A t  the higher 
liquid-water-content  condition  (fig.  6(a)), a rough-glaze-ice  formation 
which b u i l t  outward from the inlet was obtained on the ram-inlet  lips. 
L i t t l e  or no ice  was observed  inside  the ram duct. Downstream of the 
ram inlet, almost the  entire scoop including  the  alternate-inlet rang 
was covered by a frost-like  formation. This frost   ic ing i s  believed  to 
resu l t  from EL combination of super  saturation  in the tunnel  and  tur- 
bulent  deposit of small drops caused  by  the  presence of rough ice  forma- 
tions on the ram-inlet l i p s .  A small semiglaze  formation was obtained 
on the  alternate-inlet   l ip.  The formations on the alternate in l e t  were 
symmetrical. A heavy glaze  ice almost completely  blocked the  screen; 
the heated  total-pressure  tubes  maintained small areas ice-free. The 
screen  icing was somewhat heavier at the  rear  than at--the f ront  of the 
top deck. A t  the low liquid-water  condition  (fig.  6(b) ) , the ram- 
Inlet-lip  ice  consisted of a dense rime formation which b u i l t  toward 
the center of the inlet in contrast t o  that a t  the higher water-content 
condition.  Icing of the alternate inlet was very shilar t o  that pre- 
viously  observed. A very sliat icing of the ram duct and elbow WRS 

obtained.  Heavyscreen  icing  again  occurred,  with more i ce  deposited 
a t  the rear than a t  the front of the top deck. The difference between 
the two types of ice formed a t   t h e  same a i r  temperature i s  at t r ibuted 
to  the  greater rate of collection that exis ts  when the  liquid-water 
content i s  high and the  droplet  diameters  are.  large;  the.  greater  heat 
of  fusion  obtained under these  conditions  caused  the rough glaze 
format ion. 
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The  effect  of  icing on the  top-deck  pressure  distribution  is  shown 
in  figure 7, wbich  presents a conrparison  of  typical  distributions  dry 
and  after 8 minutes  of  icing  wlth  the  ram  inlet  in  operation.  The  most 
significant  result  is  the  decrease  in  pressure  recovery  at  the  front  of 
the  top  deck.  The  pressures else~ere over the top  deck  were  fairly 
uniform  and  showed  only a slight  decrease  despite  the  presence  of  large 
rough  ice  formations on the  inlet  lips. 

Alternate-Inlet  Tests 

Clear  air. - The  average  top-deck  pressure  recovery  for  the  alter- 
nate  inlet  in  clear  air is presentea in figure 8 as a function of the 
inlet mass-flow ratio. In contrast  to  the  excellent  recovery  character- 
istics  of  the  ram  inlet,  the  alternate  inlet  gave  negative  recovery  over 

test-section  dynamic  pressure.  The  poor  performance  of  the  alternate 
inlet is attributed  to  the  excessive  divergence  and  ramp  angles  of  the 

the  definition of recovery  coefficient  in  terms  of  gage  total  pressures 
and  stream  dynamic  pressures.  The  negative  values  of  the  pressure  recov- 
ery  indicate  not a reverse  air  flow  but a loss in  energy  which  had  to  be 
supplied  by  the  exhauster.  Considerable  scatter of the  data  resulted 
and  poorer  recovery was obtained  at  the 4' angle  of  attack  condition  than 
at Oo. I n  an  effort t o  determine  the  cause  of  thls  poor  recovery,  tuft 
studies  were made over  the  entire  alternate-inlet area.. These  studLes 
indicated  considerable  flow instability and  separation  over  the  inlet 
ramp, particularly on the  sides  of  the  ramp  and  at  the  inlet  lip.  Total- 
pressure  rakes were also installed  at  three  lateral  stations  at  the 
alternate-inlet  lip.  The  results  obtained from these  rake  measurements 
are presented  in  figures 9 and 10 for  two  angles of attack  at  various 
mass flows.  The  pressure  surveys  showed  poor  recovery  at  the  inlet  lip 
with  considerable  nonuniformity  in  the f l o w  existing  in  both  the  hori- 
zontal  and  vertical  planes. Only at  the  center  of  the  inlet  and  at  the 
higher mass flows,  particularly  at an angle  of  attack  of Oo, was good 
recovery  obtained.  For this reason only the  center  area of the  inlet 
should,  in  general,  be  used  in  evaluating the water-exclusion  perform- 
ance  of  the  alternate  inlet. 

. the  whole  range  of  mass-flow  ratios  with  values as great as L/3 of  the 

- inlet  design.  The  negative  values  of  the  pressure  recovery  result f r o m  

Icing. - The  variation  of  the  average  top-deck  pressure  recovery 
with  icing  time  for  the  slternate  inlet,  is shown in  figure 11 for 
constant  liquid-water  content  and  droplet-size  conditions  at  various 
mass-flow  ratios  and tunnel-air temperatures. The rates of change  in 
recovery  at  the  higher  temperature  were  practically  identical,  and  only 
a slightly  greater  rate of change was obtained  at  the  low-temperature 
conditions.  The  poorer  recovery  obtained  at  the lower temperature  prob- 
ably  resulted f r o m  the  presence  of frost on the  alternate-inlet  ramp 
and  forebody. No icing  of  the  carburetor  screen was obtained  at  the 
higher  temperature,  while  only a smalL deposit  of  rime  ice was obtained 
on the screen after 45 minutes of icing  at Oo F. 

! 
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V i e w s  of ice formed on the alternate-inlet scoop under the condi- 
tions  given  in  figure 11 are sham in figure 12. The formations 
obtained at a tunnel-air   to ta l  temperature of 25O F are  practically  the 
same (figs. 12(a) and 12(b) ) . The re la t ive ly  small formations on the 
ram-inlet  lips are believed t o  have no s ignif icant   effect  on the  per- 
formance of the  alternate inlet. It should  be  noted that the  ice forma- 
tions on the ram inlet a re  uniform as compared with  the asymmetric forma- 
t ions on the  a l ternate- inlet   l ip .  These asymmetric formations r e su l t  
from the nonuniform a i r  flow at  the alternate in le t .  A t  the lower temp- 
perature  (fig.  12(c)), the alternate-inlet and ram-inlet l i p s  had forma- 
t ions similar to   bu t   s l igh t ly  greater than  those  obtained at 250 F. In  
addition, the air scoop was covered with a f ine  f rost- l ike formation. 

The ice  obtained after 45 minutes of icing a t  a temperature of 
00 F is sham in   f igure 13. The external icing was similar to that of 
figure  12(c),  but  considerably  greater. The f ros t  formations also 
increased and indicate  clearly the nature of the air  flow at  the alter- 
nate inlet. A considerable  deposit of i ce  formed at the  center of the 
elbow of the  alternate  duct. The rearward  build-up of the ice  nodules 
on the upper duct  indicates a reverse air flow i n  this  region. The 
screen  icing  resulted  in  very slight blocking  except at the  center  in 
the  region of the blank representing  the  carburetor  altitude compensator. 

The effect  of  mare severe  icing  conditions on the  pressure  recovery 
i s  presented i n  figure 14. Increasing the liquid-water  content and 
droplet  size  resulted  in  successively greater and more immediate changes 
i n  the pressure  recovery,  but  an  equilibrium  value was a t ta ined   in  
approximately 15 minutes i n  a l l  cases. No screen  icing and pract ical ly  
no duct icing were observed at these conditiorre; thus, improved water 
separation was obtained  with  the  larger  diameter  droplets as compared 
with that obtained with the smaller droplets ( f igs .  U. t o  13). A t  a 
liquid-water  content  of 1.5 gram per  cubic meter i n  figure 14, the 
pressure  recovery suddenly changed after the icing cloud was turned off. 
This effect  i s  at t r ibuted t o  the f ac t  that the exhauster was turned off 
simultaneously  with  the  icing cloud; thus, warm air was allowed t o  flow 
backward through the model into  the  tunnel. The warn a i r  flow caused 
melting and loss of frost on the rasg! and some of the  ice on the alter- 
nate l i p .  

h 
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Photographs of the  ice on the model at  the end  of the  ic ing  per iob 
(corresponding t o  the results of f ig .  14) a re  shown i n   f i gu re  E. I n  
contrast   to  the smooth rime  formations  obtained wlth the lower liquid- 
water content  and the smaller -diameter droplets  (figs. 1 2  and 13) , the 
ram-inlet lips were covered WLth a rough glaze i ce  that b u i l t  outward 
into the a i r  stream. Again, a nonuniform ice formation on the  alternate- 
inlet l i p  was obtained  although  not as marked as a t  the less severe  icing 
conditions. The ent i re  scoop, including the al ternate  r q ,  was covered 
with  the  frost-like  formation  previously  obtained on ly  at  the lower 
temperature. 

m 
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The change i n  the top-deck pressure  recovery with icing time a t  an 
angle of attack of  4 O  is shown in   f igure  16. The results a re ,   in  
general,  similar  to  those  obtained  at  an  angle of attack of Oo. The 
low-temperature  conditions show the  greatest   sensit ivity to icing; this 
is again  attr ibuted t o  the f r o s t  icing of the ramp and forebody. Photo- 
graph  of the  ice  formations  obtained a t  an  angle of attack of 4' are  
shown in figures 17 and 18. The icing of the  exterior of the  mdel  
closely  resenbled that obtained at   s imilar   ic ing and  mass-flow-ratio 
conditions a t  an  angle of attack of 0'. A t  the  higher  temperature, 
slight mounts of screen  icing were obtained with a considerable  deposit 
of ice  on the elbow of the  alternate-inlet  duct. The  amount of ice  
obtained on the  screen at the Lower temperature was about  the same as 
that  obtained at an  angle of attack of Oo with a 50-percent-longer 
icing  period  (fig. 13) . Again, ice  deposits  occurred in the  center of 
the elbow. The poorer  pressure  recovery and the  greater amount of screen 
icing  obtained a t  an angle of a t tack of 4 O  are  believed  to  be  partly 
caused  by the l l p   i c e  formations  building ou t  into  the air stream  and 
giving a greater water  scooping ef fec t .  

The ice  formations  obtained f o r  all conditions on the  alternate 
inlet and inducting were very unevenly distributed,  ei ther  located  to 
one side  as on the  alternate-inlet  lip  or  concentrated i n  the  center  as 
on the  ducting  and  the  screen. The effect  of icing on the local top- 
deck pressure-recovery  distribution is shown in   f igure  19, which pre- 
sents a  comparison of typical   d is t r ibut ions  in   c lear  air and a f t e r  
30 minutes of icing  with the al ternate   inlet   in   operat ion.  No signi- 
f icant  change in  the  pressure  recovery  distribution waa found despite 
uneven icing of the  inlet  lip,  the  ducting, and the  screen and con- 
siderable changes i n  both  pressure  recovery  and mss flow. 

Because of the poor recovery  characteristics of the flush al ternate  
in l e t ,  it is d i f f i cu l t  t o  anticipate  the  water-separation  characteristics 
of such an  inlet  having good aeroaynamic  performance.  For those  areas 
of the  present  inlet where  good local recoveries were obtafned,  the 
resultant  local  ice  formations on the elbow and the  screen were the 
largest  obtained  but s t i l l  re la t ive ly  small. No serious  screen  icing 
occurred a t  any  time  with  the  alternate inlet. The decrease i n  pres- 
sure  recovery  with  icing is attributed  primarily t o  the  frost-l ike 
formations on the   in le t  ramp and t o  icing on the   i n l e t   l i p .  The re la -  
t ive  effect  of these  ice  formations was not specif ical ly  determined 
although loss of the r m g  f r o s t  gave an  increase i n  recovery,  and  the 
greatest   effects on recovery were obtained a t  the low-temperature and 
high-water-content  conditions which caused the greatest  ramp frosting. 
The results of reference 3 a l so   inuca te   the   sens i t iv i ty  of f lush inlets 
t o  icing of the ramp and forebody. 
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Preheat air only. - The temperature distribution acroaB the top 
deck with no ram- or  alternate-air  flow  for  various  preheat-air  flows 
is shown in  f igure 20. I n  all cases, a very  uniform  temperature dis-  
tr ibution was obtained  over the range of preheat air flows and temper- 
atures. A t  a constant  preheat-air inlet temperature of 135' F and a 
tunnel-air  temperature  of 2 5 O  F, a variation of  approximately 17O F i n  
the average top-deck temperature resulted ove r - the   r awe  of mass flows 
investigated. 

Preheat air with modulated alternate-air  flow. - The performance of 
the system w i t h  the  preheat door full open and the  alternate door at 
intermeaate   posi t ions  for   both  c lear   a i r  and icing is shown in   f ig . -  
w e  21. These resul ts  were obtained  with a constant  preheat-air ma66 
flow  and  temperature  and  an  increase of the mass flow  through the car- 
buretor  top deck with increasing  alternate-bor opening. The average 
top-deck  temperature  decreased  with  increasing  alternate-door  opening 
up t o  40 percent;  the telnperature  remained  constant for  alternate-door 
positions  greater  than 40 percent. The equivalent  pressure  recovery 
shown i n  figure 21(b) is negative  for most door positions, and there is 
no significant improvement over that obta ined-e th   the   a l te rna te   in le t  
alone. The preheat-plenum pressures varied between -0.75 and -0.06 of 
the stream dynaslic pressure.  In  considering  the  temperature and pres- 
sure variations with opening of the  alternate door, it should  be 
remembered that opening of the alternate door progressively  blocks the 
preheat-air  flow. No significant changes in   e i ther   the top-deck pres- 
sures  or  temperatures were obtained  during  a 15-minute icing  period at 
a liquid-water  content of 0.6 gram per  -cubic meter with median droplet 
diameters  of 10 microns. No screen  icing W&B obtained a t  any time. 

The variation of the temperature  across the top deck a t  various 
alternate-door  positions is given in   f i gu re  22. A t  the  20-percent- 
open position, a temperature  difference  across the top deck of approxi- 
mately 20' F was obtained as compared with an essentially uniform a s -  
tr ibution at the 80-percent-open position. Again, no significant 
effect  wlth icing was obtained.  Since  the minimum temperature is the 
important cr i ter ion  in   ice   protect ion,  the  increased  average  temperature 
a t   t h e  smaller door openings shoyn in   f igure  21(a) is only an  apparent 
advantage. The alternate-door  position,  therefore,  appears  to  be of 
re la t ively small importance as regards the   c r i t i ca l  top-deck temperature. 

Photographs of the  ice formed  on the scoop and i n  the alternate- 
duct elbow a f t e r  15 minutes of icing with the  alternate door 20, 40, 
and 80 percent full open and  the  preheat b o r   f u l l y  open are  Shawn i n  
figure 23. The ice  formations on the in l e t  l i p s  are very similar t o  
those  obtained  without  preheat and with the alternate door f u l l  open 
a t  similar icing  conditions ( f ig .  1 2 ) .  No significant  difference  in  the 

h 
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external scoop icing was obtained a t  the  various door positions  except 
f o r  a s h i f t  of the  ice  formation from one side of the  alternate-inlet  

conditions  existing  at   the  alternate  inlet .   Icing of the  alternate-duct 
elbow exhibited  this same sidewise movement and also showed a progres- 
sively  larger  deposit of ice  as the  alternate-door opening  and the air 
flow  increaBed. 

c l i p  t o  the  other;  this i s  believed  to be  caused  by  the  unstable  flow 

c\) 
(D Modulation of preheat and al ternate  doors. - The ef fec t  on the s top-deck pressure  recovery and temperature fo r  simultaneous  opening of 

both the preheat  and  the  alternate doors was obtained in   c lear  air at 
an  average  preheat-air f l o w  of 0.57 pound per second  and a carburetor- 
a i r  flow of 3.24 pounds per second.  Varying the door posi t ions  in   this  
manner is  equivalent t o   s t a r t i ng  with ram a i r  only, changing t o  a com- 
bination of ram-, preheat-, and alternate-air  flow, and  ending with 
effectively  alternate-air  flow  only. The variation of the  average  top- 
deck pressure  recovery with door positions i s  given in   f igure 24. Both 

t ion over  almost the  entire  door-position  range was obtained. The dis- 
t r ibut ion of the  local  pressure  recovery over the top deck a t  three 
door positions is shown in   f igure  25. A very uneven distribution was 
obtained. The poorer  recovery  obtained at the  front of the top deck 
appears t o  be caused by the  preheat-air flow; the ef fec t  of the alternate- 
air f l o w  does not  appear t o  have any great  detrimental  effect f o r  door 
positions of 40 percent open o r  l e s s .  The corresponding top-deck tem- 
perature  distributions  are shown in   f igure  26. Again, the presence of  
the  preheat-air flow a t  the  front of the  top deck is  noted, par t icular ly  
at the 20-percent-open position. As in the  case of the  resul ts  of f ig -  
ure 22 (preheat door f'ully open, a l ternate  door modulated), a uniform 
temperature distribution was obtained only a t   t h e  wider-open door posi- 
t ions.  The poor pressure  recovery  indicated f o r  this case i s  of the 
same order of magnitude as  that obtained with the  preheat door ful ly  
open, figure 21(b). It would, appeez, therefore,  that no great advantage 
is obtained  by having the  preheat door part ia l ly   c losed;   in   fact ,  a 
smaller  temperature r i s e  is obtained. 

5 
cu doors were opened the same  amount for each condition. A l inear   re la-  
Q 

SUMMARY OF RESULTS 

I n  an investigation of the aerodynamic and icing  characterist ics 
of a f lush  a l ternate- inlet  induction-system air scoop, the  following 
reaul ts  were obtained: 

1. The ram i n l e t  gave good pressure  recovery  as measured upstream 
L of the  carburetor top-deck screen  in  both  clear  air  and icing  conditions. 

Rapid  blockage of the  carburetor top-deck screen was obtained  during 
icing  conditions. 
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2.  The f lush  a l ternate   inlet  had poor pressure  recovery  chsracter- 
i s t i c s  over most  of the inlet   cross  section  for a l l  conditions  investi- 
gated  in  both  clear  air  and icing  conditions. No serious  screen  icing 
was obtained a t  the al ternate   inlet ,  even i n  those  regions i n  which 
relat ively good local  pressure  recovery  occurred. The effects  of  icing 
on the  pressure  recovery are believed  to result primarily from icing on 
the inlet l i p  and frost-l ike formations on the in l e t  ramp. The greatest 
effects  of icing on the  pressure  recovery were obtained at conditions 
of low air temperature or high  liquid-water  content; at these  conditions, 
the greatest ramp icing  occurred.  Variation of- angle of attack from 
0' t o  4O gave no significant change in   the  alternate-inlet performance 
during  icing. 

3. A uniform tenperatwe  distribution  across the top deck was 
obtained when only  preheat air was used. 

4. When preheat a i r  was used with modulated alternate-inlet  air 
flow,  the  pressure  recovery showed no significant improvement over that  
obtained with alternate-air  flow  alone. A f a i r l y  uniform t eqe ra tu re  
distribution a t  the  top deck was obtained.  Icing had no effect  on the 
top-deck pressure  recovery  and  temperature,  and no screen  icing resulted. 

5. Opening both  alternate-air and preheat-air doors simultaneously 
provided a combination  of ram-, preheat-,  and  alternate-air flow that 
gave f a i r l y  good pressure  recovery,  but poor top-deck temperature dis -  
tr ibution  resulted when these doors were not dde open. A good tempera- 
ture  distribution was obtained at the expense of poor pressure  recovery 
when the U o r s  were wide open. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, April 9, 1953 
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IC 
0 
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Rear 
Station 1 2 3 4 5 

0 Total-pressure  tubes - Metal blank  representing 
ends of tubes  project alt i tude compensator 
3/4 inch above screen of carburetor 

x Thermocouples 

(a) Instrumentation a t  top-deck station. 

I 
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I 

I 

(b) Pressure  rakes at e t e r n a t e   i n l e t .  \rg-&7 

17 

Figure 4. - Sketches  eharing instrunehation of alternate  air-scoop 
model viewed i n  damstream  direction. 
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!! Inlet  mase-air-flar  ratio, MI& 

g (a) Average top-deck  preasure  recovery i n  c lear  a i r .  Airspeed, 
ka 200 miles per hour; tunnel-air t o t a l  temperature, 25O F. 

(b) Average top-deck  pressure  reoovery in icing.  Airspeed, 
180 miles per hour; tunnel-air  total  temperature, 25O F; 
angle of attack, Oo; initial mass-air-flaw ra t io ,  0.35. 

-.- \ Icing  cloud o f f  Icing cloud off 8 1.5 g/cu m 0.5 g/cu m 
Is 

0 4 a 12  1 6  2 0  
Ic ing  t i m e ,  min 

(c) Variation of -8-flow r a t i o  In icing. Ai r speed ,  180 
milerr per hour; tunnel-air total temperature, 25O I?; angle 
of attack, Oo. 

Figure 5. - Performance of ram-inlet eystem i n  c lear  air and 
in  icing  conditione. 

. 
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(h) Ice f o n d  af te r  20 mlnutee. Llqrrid-mter writat, 0.5 @.am per cub10 meter; 
droplet dlameter,  10 miclYlna. 

Figure 6.  - Coacluded. Ice formed on mn inlet and carbumtar acreen at tuu IC- condltlana. 
Airageed, SBO m i l e ~  per hour; trmoel-air to ta l  tanrpsrature, 25O X; angle of attack, Oo; 
ipitial m e a - f h  ratio, 0.35. 
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100 

96 

92 

o Clear sir 
‘After 6 min 

”- 

(a) Station 1. 
100 

96 

92 

(b) Station 3. 

. F igure 7. - Local top-deck pressure recovery in   c lear   a i r  and 
after 8 minutes icing with ram inlet  only. Airspeed, 180 
m i l e s  per hour; tunnel-air total  temperature, 23O F; angle of 
attaok, Oo; liquid-water  oontent, 0.5 gram per  cubic  meter; 
median droplet diameter, 10 microne; ram-inlet mass-air-flow 
ratio, 0.35. 
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0 . 2  .4 .6 . 8  1.0 
Alternate-inlet maes -flaw ra t io ,  Ma/% 

Figure 8. - Variation of average topdeck  pressure recovery 
with alternate-inlet  m a e B - f l a r  r a t i o   a t  two angles of attaok 
in  clear  air .   Tunnel-air   total  temperature, 25' F; airspeed, 
150 to 270 miles per hour. 
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(a) Alternate-inlet masa flow, 0. 
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TOP Bottom 
(b) Alternate-inlet mass flow, 2.1 pounde per e e c o d .  

.2 .4 .6 
2 /L 

. 8  1.0 

TOP Bottom 
(b) Alternate-inlet mass flow, 2.1 pounde per e e c o d .  

Figure 9. - Local  preaaure  reoovery  at  alternate  inlet in clear 
a i r  for  various mesa flare. A n g l e  of attaok, Oo; airepeed, 
150 milee per ham. 
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Figure 9. - Conclu&&. Looal pressure  reoovery a t  alternate 
inlet  i n  dear air  f o r  various mass flows. A n g l e  of attaok, 
Oo; airspeed, 150 milea per hour. 
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TOP Bottcm 
(b) Alternate-inlet mass flow, 2 . 1  p m d a  per eeconi. 

Figure 10. - Local  pree8ure recovery at  alternate  inlet i n  olear 
air for varioua mass flawe. Angle of attack, 4'; airapeed, 
150 milea per hoar. 
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( 0 )  fiternate-inlet mass flow, 2.9 patnde per eeaord. 

TOP Bottom 
(a) Alternate-inlet mea fluu, 3.1 pounda per seoond. 

Figure 10. - Concluded. Looal pressure reoove!ry a t  a l t e r ~ t e  
inlet in olear air for varloua ma66 flowa. Angle of attack, 
QO; airspeed, 150 miles per hour. 
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Figure 11. - Variation of average top-tieok preBeure  reoovery with ioing time 
for   a l te rna te   in le t  at various a i r  temperatures and mass-low ratioe.  Angle 
of attack, 0'; liquid-water  content,  0.5 gram per cubio meter; median drop- 
l e t  diameter, 9.5 microns; ram-inlet mass-flow ra t io ,  0. 
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(a )  Ice formed d t e r  24.5 minutes af (b) Ice fomed   a f t e r  25  ninutes of 
ioing. Tunnel-ah- t o t a l  temperature, icing. Tunnel-air total tempera- 
25O F; maas-flow r a t io ,  0.45. t i r e ,  25*-fi-iiiiiXIZw- ratio, 0.7. 

" . " .. - 

(c )  Iae formed a f t e r  23 minutes of icing. 
Turmel-air t o t a l  temperstwe, Oo F; m88- 
flow ratio, 0.6. 

Figure 12. - Ice fomea a t  B l t m m t e  inlet a t  varioue  tunnel-air temperatures and alternate- 
inlet  mass-flow ratios.  Angle of attaok, Oo; liquid-water  content, 0.5 gram per cubic 
meter; median droplet  diameter, 9.5 m i c r o n s .  
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Ipigure l.3, - Ice folmsd a t  u l t e m t e  inlet after 45 minutes of io-. LLpdd-=fer content, 
0.5 gram p r  cubic mter; msdian d m p b t  diameter, 9.5 micmne; tunnel-air  total tempera- 
ture, 00 B; angle d attack, 0'; m8e-fI.0~ ra t io ,  0.6. 
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Icing t h e ,  min 
20 

Figure 14. - Variation of top-deck preesure reoovery wi th  icing 
time f o r  a l te rna te   in le t  at varioue liquid-water  contents and 
median droplet diametem. Airapeel, 180 milea per hour; tunnel- 
air  t o t a l  temperature, 25O F; angle of attsck, Oo; alternate- 
inlet me-flow ra t io ,  0.6; ram-inlet mass-flow ra t io ,  0. 
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(a)  Liquid-water  content, 1.0 gram per cubic (b) Liquid-water content, 1.5 grams per 
meter;  ,median droplet  diameter, 13.5 micrane; cubic  meter; median droplet diameter, 
i c i n g   t h e ,  13 minutes. 20.5 microns; icing time, 15 minutes. 

(c)  Lipuie-xater  content, 1.6 gmms per 
cubic  meter; median droplet  diameter, 
2 1  micmns; icing  time, 15 minutes. 

Figure 15. - Ice formed at a l te rna te   in le t  a t  various icing  oonaitions.  Airspeed, 180 miles 
per hour; tunnel-air  total  temperature, 25O F; angle af attack, Oo; al ternate- inlet  mas8- 
flow ra t io ,  0.6. 
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Icing time, min 

Figure 16. Variation of top-deok  pressure  recovery 
of a l ternate  inlet with i c i w  time at two tunnel- 
air total temperatures.  Airspeed, 150 miles  per 
hour; angle of attack, 4O; alternate-inlet  =BE- 
flow retio, 0.8; ram-inlet mass-flaw ra t io ,  0.  
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Y l g u r s  17. - Ica formed a t  altemte inlet afCer 25 mlnutes. Airspeed, 1so miles gsr hour; 
t m l - a b  t o t a l  temperature, 24' F; angle d attack, 4'; liquid-water content, 0.8 @am 
per oublo moter; median droplet W t e r ,  10 micmae; mass-air-flow ratio,  0.8. 
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(a) S ta t ion  1. 

(b)   Stat ion 3. 
-60 

-40 
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0 .2 .4 .6 .8 1.0 

Front Rear 
Z/L 

(c )   S ta t ion  5. 

Figure 1 9 .  - Local  top-deck  pressure  recovery i n   c l e a r  

No ram; airspeed, 150 miles  per hour; tunnel-air 
a i r  and a f t e r  30 minutes Icing with  a l ternate   Inlet .  

water  content, 0.5 gram per  cubic meter; median 
t o t a l  temperature, Oo F; angle of a t tack,  40; l iquid- 

droplet  diameter, 9 microns; a l te rna te- In le t  mass- 
flow ratio, 0.8. 
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(a )   Prehea t -a i r  mas8 flow, 0.76 pound pe r  second. 

(b)  Preheat-air  mea flow, 2.9 paznde per eecond;  preheat- 
a i r  temperature, 1380 B. 

100 

80 
0 .2 .4 . 6  .8 1 .o 

Front Rem 
2 /L 

( c )  Preheat-air ma88 flaw, 3.45 poumh per second; preheat- 
a i r  temperature, 132O F. 

Figure 20. - Die t r ibu t ion  of top-deck a i r  temperature   for  variaze 
preheat-air  flows with  preheat door f u l l y  open and alternate 
door closed. Airepeed, 200 m i l e e  per hour; tunnel-air t o t a l  
temperature, 25O I?; angle of a t taok,  0'. 
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. 120 

o Clear air  
U After 15 min i c i n g  - 

0.6 g/cu m; median 
d r o p l e t  dim., low 

80 l iquid-water   content ,  

I I I 1 

40 

0 
(a) Average  top-deck  temperature. 

4 4 0  
0 20 $0 60 80 100 

Alternate-door   posi t ion,   peroent  open 

(b) Average top-deok  equivalent pressure recovery. 

Figure 21. - Variation of top-deck  temperature and pressure 
recovery  with  a l ternate-door   posi t ion.   Preheat   door  fully 
open; no ram; airspeed,  150 miles per hour;   tunnel-air  
t o t a l   t empera tu re ,  250 F; angle of a t t ack ,  Oo; preheat-air  
~ R E E  flow, 0.77 pound per second; preheat-air   average inlet  
temperature, 2120 F. 
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(a) Alterna te  door 20 percent open; preheat-air inlet tempera- 
ture, 204O F; carburetor  top-deck ma88 air  flow, 2.1  pounds 
per  second; preheat-air s t a t i c - p r e s s u r e   r a t i o ,  -0.75. 
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40 

20 

i (b) Alternate door 40 percent open; preheat-air inlet  tempera- 
ture, 218' $; carburetor  top-deck mass a i r  flow, 2.9 pound6 
pe r  second; prehea t - a i r   s t a t i c -p resmre   r a t io ,  -0.27. s e 

u bb 40 

20 
0 .2 .4 .6 .0 1.0 

Front t / L  R e a r  

( c )  Alternate door 80 percent open; preheat-air in le t  tempera- 
ture, 215O F; carburetor  top-deck mass a i r  flow, 3.13 pounds 
per second; preheat-air s t a t io -p res su re   r a t io ,  -0.06. 

B i g u r e  22. - Dis t r ibu t ion  of carburetor top-deck air  tempera- 
ture for various  a l ternate-doar   posi t ions.   Preheat  door 
fully open; nb ram; airspeed, 150 miles per hour; tunnel-air 
to ta l   t empera ture ,  25' F; angle of a t tack ,  0'; preheat-air  
flow, 0.77 pound per  eeaond. 

. 

. 
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(a)  Alternate  door 20 percent open; preheat-air inlet temperature, 204' I?; carburetor 
top-deck mass a i r  flow, 2 .1  p o d s  per second. 

(b) Alternate  door 40 percent open; preheat-air inlet temperature, 218' F; carburetor 
top-deck  BEE a l r  flow, 2.9 pound6 per seoand. 

( c )  Alternate door 80 percent open; preheat-air inlet temperature, 215' F; carburetor 
top-deck mass a i r  flow, 3.13 pounde per second. 

Figure 23. - Ice  formatlone on scoop and alternate-duct elbow a f t e r  15 minutes i c h g  w i t h  
preheat door open and altermate door in various poeitione. Airspeed, 150 milea per hour; 
tunnel-air  total  temperature, 2S0 F; angle of attack, 00; preheat-air ma86 flow, 0.77 
pound per eecand; liquid-water  content, 0.6 gram per cublo meter; median droplet dim- 
eter, 10 mlerons. 
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Figure 2 4 .  - Var ia t ion  of average  top-deck  pressme  recovery 
with  preheat-  and al ternate-door   posi t ione.   Airspeed,  150 
miles per  hour; tunnel -a i r  total temperature, 25' B; angle 
of a t t ack ,  Oo; preheat  mass a i r  flow, 0.57 poulld per 
second;  carburetor  top-deok mass air  flow, 3.24 pounde per  
second. 

. 
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(a) Preheat  and alternate doors x) percent  open. 

(b) Preheat  and alternate doors 40 percent open. 

" 

0 -2 .4 .6 .a 1.0 

Rear Front 
l/L 

(c) Preheat and alternate doors 80 percent  open. 

Figure 25. - Local top-deck  pressure recovery for 
various preheat- and alternate-door positions. 
Airspeed, 150 milea per hcurj tunnel-alr total 

mass air flow, 0.57 pamd per second; carburetor 
temperature, 250 F; angle of attack, 001 preheat 

preheat-air  temperature, 1370 F. 
top-deck mass air flow.  3.24  pcunds  per  second; 
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(a) Preheat and alternate doom 20 percent open. 
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(b) Preheat and alternate d o m e  40 percent open. 
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Front Rear 
(c)  Preheat and a t e r n a t e  doors 80 percent open. 
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Figure 26. - Distribution of top-deck air temperatures far var -  
ioue preheat- and alternate-door  positione. Afrepeed, 1!S 
miles p e r  hour; angle of attack, Oo; carburetor top-deck ma~s 
a i r  flow, 3.24 pounaS per second. 


